Abstract. This paper describes the numerical modeling of heat transfer in the area placing of the tank for storage fuel of thermal power plant and boiler with the influence of engineering construction. We have established that the presence of engineering structures in the area of placing of the tank for storage fuel of thermal power plant and boiler have little effect on the change of heat loss.
INTRODUCTION
The research of thermal modes of different objects (a residential building [1] , a hot water pipes [2] , a fuel storage tank et al.) is an important problem.
Currently, the method of calculation and design of a fuel storage tank does not take full account of all processes in a tank, that occur during the preparation of a fuel oil for combustion.
One of the most promising approaches to research of different equipment is the use of a computer programs. They take into account various effects and processes in the system of heat transfer.
The objective is the mathematical modeling of the thermal loss of fuel storage tank and numerical analysis of thermal conditions of the tank.
PROBLEM STATEMENT
We consider a typical vertical cylindrical steel underground tank. Figure 1 shows a schematic representation of the field solution of the problem. For the domain under consideration ( fig. 1) we solve a 2D linear and stationary problem of heat transfer in conditions of thawing of the soil.
Formulating the problem, we used the following assumptions: 1. The heat transfer processes in the internal and the external environment are disregarded.
2. Thermophysical characteristics of materials used in the analysis are constant and known values.
3. There is an ideal thermal contact conditions at the boundaries. 4. The heat in the decision domain ( fig. 1 ) is transferred only by conduction. The listed assumptions, on the one hand, do not impose constrains of principle on the physical model of the system ( fig. 1 ), but, on the other hand, allow one to simplify in a certain manner the algorithm and method for solving the posed problem. 
Mathematical model
The processes of heat transfer to the object under consideration (fig. 1) will be described by the following equation:
2 Tins = 0; 
Method of solution and Initial data
The system of equations (1)- (8) was solved by the finite element method [3, 4] , using the Galerkin approximation [5] . The investigations were carried out on a nonuniform finiteelement mesh. The number of elements was chosen from conditions of convergence of solution, the mesh was made denser by the Delaunay method [5] .
In spite of the fact that in statement of the problem it was assumed to use an infinite-size domain (expressions (11) and (12)), in the numerical analysis of heat loss we used a finite size of calculation domain. The sizes of the calculation domain were chosen on the basis of a series of preliminary numerical experiments in such a manner that the relative change of the temperature gradients at the domain boundary does not exceed 0.5%.
The analysis was carried out for a vertical steel tank with the thermal insulation of mineral wool (50 mm thick). The temperature of an oil was Toil = 353°K. The ambient temperature Тex taken equal to the average air temperature for the heating period in the city of Tomsk. The air temperature inside the engineering structure was equal to Тin = 293.15 K. The coefficients of heat transfer in all variants of the numerical analysis were α = 15 W/(m 2 ·K). The change of temperature in depth of soil is 3.6 degrees per 100 meters. The distance from the external tank insulation to the basement was B = 20 m, and the deepening of the foundation was A = 2 m ( fig. 1) . Table 1 contains values [2, 4] of thermophysical characteristics, which were used in the numerical investigations of thermal conditions of the system under consideration ( fig. 1 ). 
Results of numerical simulation
The main results of numerical modeling of thermal conditions of the system under consideration ( fig. 1 ) are listed in Table 2 , 3 and in figures 2, 3. Table 2 lists the results of numerical experiments of the heat loss of a vertical cylindrical steel underground tank (Q1 is the heat loss without engineering construction and Q2 is the heat loss with considering engineering construction).
Validity and reliability of the obtained results follow from tests of the methods for convergence and stability of solutions on multiple meshes, fulfillment of the energy balance conditions at boundaries of the calculation domain. The relative calculation error in all versions of the numerical analysis did not exceed 0.5%, which is acceptable for investigations of thermal conditions of the system under consideration ( fig. 1) . Figures 2 and 3 show the typical temperature fields in the area of storage tanks for fuel thermal power plants and boiler plants.
Numerical analysis results indicate that the presence of thawing of soil in the container placement area for the storage of fuel thermal power plants and boiler houses does not lead to significant changes in the thermal regime of the object. Figures 2 and 3 show the typical temperature fields in the area of storage tanks for fuel thermal power plants and boiler plants, taking into account the thawing of sandy and clay soil. 
Conclusion
Numerical analysis of heat loss of storage tanks for fuel thermal power plants and boiler plants ( Table 2, 3 and Fig. 2, 3) indicate that the presence of engineering structures in the area of their distribution have little effect on the change of heat loss, so you can ignore this indication. The maximum deviation in the calculations (table 2 and 3) is not more than 2 %. Therefore the influence of engineering structures in the area of storage tanks for fuels, power plants and boilers can be reasonably neglected.
The result of numerical analysis of heat loss of storage tanks for fuels, power plants and boilers it is possible to say that the introduction of a fixed temperature on the lower boundary of the solution has little effect on the changes of heat loss (table 3, figure 3 ), but significantly affect the temperature distribution in the area of the tank.
Notations
T -temperature, K; λ -coefficient of thermal conductivity, W/(m·K); α -the heat transfer coefficient, W/(m 2 ·K). Indexes: ins -a layer of heat insulation; g -ground; oil -oil; f -foundation engineering structure; in -internal; ex -external; 1 -the inner surface of the tank insulation; 2 -the boundary between "shell of tank -ground"; 3 -the boundary between "soil -foundation engineering structure"; 4 -the boundary between "soil -environment"; 5 -the boundary between "soil -engineering structure"; 6 -the boundary between "foundation -the air inside the engineering structure" 7 -the boundary between "basement floor -the air inside the engineering structure"
